Introduction
Obesity is linked with elevated risk of non-communicable diseases (NCDs) [1] . An increasing trend in obesity prevalence since the early 1980s has posed a significant population health burden across the globe [2•] while obesity prevalence varies by region and country [1, 3] .
Country-specific trends in obesity are generally tracked using longitudinal panel or repeated cross-sectional data, with the highest-quality studies using measured anthropometry.
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In the USA, the National Health and Nutrition Examination Survey (NHANES), which is a nationally representative, repeated cross-sectional survey of the civilian, noninstitutionalized US population [4] , is the predominant dataset used to track changes in obesity over time. There are a set of national-or population-representative longitudinal studies following the same individuals over time or repeated cross sections, some of which use self-reported height and weight (e.g., National Longitudinal Survey of Youth [5] , Health Information National Trends Survey [6] , California Health Interview Survey [7] , Medical Expenditure Panel SurveyHousehold Component [8] , Panel Study of Income Dynamics [9] , Behavioral Risk Factor Surveillance System [10] , and National Health Interview Survey [11] ) while others capture specific subpopulations or portions of the life cycle (e.g., Early Childhood Longitudinal Study [12] , National Longitudinal Study of Adolescent to Adult Health (Add Health) [13] , National Hospital Ambulatory Medical Care Survey [14] ). For global studies, the predominant data sources include the Global Burden of Disease (GBD) study [2•, 3, 15] and the Non-communicable Disease Risk Factor Collaboration (NCD-RisC) [16, 17•] , both of which include approximately 200 countries, allowing comparisons over time, across age groups, and among populations [2•, 15, 16, 17•] .
We conducted a systematic review to examine trends in obesity in the USA for studies providing nationally or subnationally representative estimates of body mass index (BMI), obesity, or abdominal obesity using measured anthropometry and published from 2012 to 2018. In addition, we reviewed the literature on global trends in obesity, restricting our search to systematic reviews or meta-analyses of global obesity in adults. In this review, we present findings on trends in obesity in the USA and across the globe and discuss future research directions.
Methods

Search Strategy
We used the following cutoff values to define overweight/ obesity: overweight (BMI 25-29.9), class I obesity (BMI 30-34.9), class II obesity (BMI 35-39.9) , and class III obesity (BMI ≥ 40) [18] . We defined abdominal obesity (i.e., cutoff values of waist circumference (WC) ≥ 102 cm (40 in) for men and WC ≥ 88 cm (35 in) for women) [19] . In addition, we considered the non-Hispanic Asian cut points of WC ≥ 90 cm for men and WC ≥ 80 cm for women [20] .
We systematically reviewed the literature using a protocol informed by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. We searched for articles published in English, peer-reviewed journals in PubMed. For the global study, we further restricted studies to systematic reviews or meta-analyses. We developed the search syntax in collaboration with a reference librarian (Supplementary Tables 1 and 2 ). Our query included the following terms, their cognates, and synonyms: obesity AND trend AND United States AND adults AND nationally representative (US studies); obesity AND trend AND global AND adults (global studies).
Inclusion/Exclusion Criteria
For the search of domestic studies, articles had to fit the following inclusion criteria: (1) estimates of obesity following our criteria above; (2) sampling to be nationally representative or sub-nationally representative of the USA; (3) include adults over the age of 18 years; (4) measured (rather than self-report) anthropometry; (5) repeated cross-sectional or longitudinal study design; (6) peer-reviewed; (7) available in English; and (8) published between January 1, 2012 and July 1, 2018 (Supplementary Table 1) .
For the search of global studies, we restricted studies to systematic reviews and began with the seminal GBD paper [2•] as a model and searched for studies that evaluated the prevalence or incidence of obesity using measured height and weight in countries outside the USA. To be included, articles had to fit the following inclusion criteria: (1) estimates of obesity following our criteria above; (2) estimates for areas outside the USA; (3) adults over the age of 18 years; (4) measured (rather than self-report) anthropometry; (5) systematic review or meta-analysis; (6) peer-reviewed; (7) available in English; and (8) published between January 1, 2014 and July 1, 2018 (Supplementary Table 2 ).
Study Selection and Data Extraction
We used Covidence, an online platform, to manage screening and selection of studies. A single reviewer completed an initial independent screen of all titles and abstracts retrieved from the database searches. A second reviewer checked a random sampling of titles to guarantee no articles were falsely excluded at this stage, and the second reviewer found no such discrepancies. Three separate reviewers independently reviewed the full texts of studies, whereby each study was dually screened, to determine final study inclusion. All conflicts in the full text review were resolved via discussion with the authorship team.
In our electronic search for the domestic studies, we found 695 references, two of which were duplicates, resulting in a total of 693 studies. In the initial title and abstract screen, the research team deemed 620 studies irrelevant, leaving 73 full texts to review. We retained and extracted data from 18 studies that met inclusion criteria (Fig. 1) . Our search for the global studies returned 141 references, of which we deemed 120 studies irrelevant on the basis of initial title and abstract screen, leaving 21 full texts to review of which one fit inclusion criteria. In addition, we included the GBD study published in July 2017 [2•] and used the reference lists of the papers captured in our search to add one NCD-RisC paper [17•] (Fig. 2) .
Results
We identified 18 US studies and three global studies that fit search criteria (Table 1) . All the US studies used information collected in the NHANES and one also used information collected in the National Health Examination Survey (predecessor to the NHANES) [21] . Periods of time covered in each study differed; Hales et al. [38] provided the most updated information covering the period between 2013 and 2016 while Ljungvall et al. [21] presented data across the longest time span (i.e., 1959-2008) among the studies extracted in our search. Three studies examined abdominal obesity, one of which used different cutoff points as their study participants were confined to non-Hispanic Asian Americans [36] . In relation to the global obesity trends, the GBD study used information obtained from 1514 sources [2•] while the NCD RisC studies used information collected in 1698 population-based studies [16] (Table 2 ). Hales et al. [38] , including the most recent cycle of the NHANES, reported that obesity prevalence in 2013-2016 to be 36.5% for men and 40.8% for women.
Ljungvall et al. [21] reported an obesity prevalence of 10% for men and 16% for women in 1959-1962, which increased to 18% for men and 23% for women in 1988-91, 27% for men and 34% for women in 1999-2000, and again to 32% for men and 36% for women in NHANES 2007-2008. The increasing trend in obesity prevalence was featured in the other studies in our search as well [22-24, 33, 35] .
Several studies that used BMI cutoffs higher than 30 suggest a shift in population distribution for BMI towards the upper end of the BMI distribution [21, 27, 30••, 32] . For example, Ljungvall et al. [21] reported that prevalence of BMI ≥ 35, which was 1 and 5% for men and women, respectively, in 1959, increased to 5 and 9% in 1988-1991 and finally to 11 and 19% in 2007-2008 . Kranjac [28] . Robinson et al. [26] reported that in 1986-1990 abdominal obesity prevalence was 36.0% (27.5% for men and 44.3% for women) increasing to 52.5% (43.1% for men and 61.5% for women) in 2006-2010. Liu et al. [36] reported that central obesity among US non-Hispanic Asian adults in 2011-2014 was 55.3 and 60.9% for men and women, respectively. 
Sociodemographic Disparities
Several of the US studies examined differences in obesity prevalence by race/ethnicity, educational attainment, income, and urbanization level. For example, Ljungvall et al. [21] reported that probability of obesity in 1960 was higher in nonHispanic black women than non-Hispanic white women by 10 percentage points and that total increase during the study period was also larger in non-Hispanic black women than non-Hispanic white women (by 5-10 percentage points). Romero et al. [22] studied a shorter period of time (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) and showed that a baseline difference observed between non-Hispanic white and non-Hispanic black did not change over time, while a difference between non-Hispanic black and Hispanic increased over time.
Yu et al. [33] concluded that educational inequalities in relation to obesity prevalence from 1971 to 2012 were generally larger in women than men and larger in non-Hispanic white than non-Hispanic black and that obesity prevalence did not differ by educational attainment among nonHispanic black men. In addition, individuals with some college education (i.e., 13-15 years of school or associate's degree) experienced the most rapid increase in obesity prevalence among the four educational attainment categories in non-Hispanic white men, non-Hispanic white women, and non-Hispanic black women. Ogden et al. [37] , which also examined the trends by educational attainment (high school graduates or less, some college, and college graduates) between 1999-2002 and 2011-2014, showed that obesity prevalence among men with some college tended to increase at a faster pace than other two groups. On the other hand, such difference was not observed among women.
Ljungvall et al. [21] found an initial disparity by income, with higher prevalence observed among women in the lower (vs. higher) income groups in 1959; this difference did not diverge over the full period captured . The initial income disparity for men in 1960 disappeared by the 1970s. When Ogden et al. [37] examined trends in obesity prevalence by three categories of household income from 1999-2002 to 2011-2014, obesity prevalence increased among women in the bottom two income groups, but it did not among women in the highest income group. Among men, obesity prevalence in the three income groups increased during the same period.
Hales et al. [38•] examined if obesity prevalence differed by urbanization level (large metropolitan statistical areas [MSAs] , medium or small MSAs, and non-MSAs), showing that in 2013-2016, participants living in medium or small MSAs had a higher obesity prevalence compared to those living in large MSAs in both sexes. In addition, women living in non-MSAs also had a higher prevalence compared to women living in large MSAs. Given less change in obesity prevalence in the first decade of the 2000s compared to previous years, several authors suggested that the increase in obesity prevalence among US adults may be leveling off [39, 40] . Robinson et al. examined differences in obesity prevalence [25] and abdominal obesity prevalence [26] by birth cohort using an age-period-cohort analysis. Robinson et al. [25] found that cohorts born in the 1980s had increased propensity to obesity compared to previous generations, suggesting that obesity prevalence may continue to increase as this younger generation reaches the ages of peak prevalence of obesity. Robinson et al. [26] reported that the baby boomers (those born in 1946-1964) seemed to have low cohort effects on abdominal obesity. • To analyze how obesity prevalence and the adjusted distribution of BMI have changed over time while paying attention to differences among population subgroups (i.e., race/ethnicity, education attainment and income).
• Probability linear models using obesity and BMI ≥ 35 as the outcomes.
• Quantile regression models using BMI as the outcome.
• Models were stratified by gender.
• Increases in obesity, BMI ≥ 35, and BMI were similar across the different population subgroups while the additional increases among blacks merit further investigation.
• The obesity epidemic is not limited to low socioeconomic and minority groups. Romero et al.
(2012) [22] • To examine trends in the prevalence of obesity and other CVD risk factors by race/ethnic groups.
• To test whether the prevalence and trends differ according to race/ethnicity.
• Absolute changes in the prevalence estimates within each race/ethnic group were calculated for each period (1988-1994 and 1999-2004) and over time (1988-1994 vs. 1999-2004 ).
• The prevalence of obesity increased significantly in non-Hispanic white and non-Hispanic black, both in men and women.
• Among Mexican American, the prevalence of obesity increased only among men.
• There existed persistent race/ethnic differences for all CVD risk factors, with non-Hispanic black and Mexican American generally having worse profiles than non-Hispanic white. Yu (2012) [23] • To examine the time trends in educational differences in obesity by gender and race (non-Hispanic white and non-Hispanic black).
• The prevalence model; interaction terms between time (1971-1980 vs. 1999-2006) and education categories (< high school, high school degree, some college, at least 4-year college) were incorporated to indicate the change in the education-obesity association.
• The analysis is done separately for each of the four gender-race groups.
• The increase in obesity was similar for most educational groups, but significantly greater for younger women with some college and smaller for younger white men without a high-school degree.
Huffman et al. (2012) [24]
• To evaluate recent trends in composite cardiovascular health metrics • To estimate future levels of cardiovascular health behaviors and factors among adults in the USA to determine whether the American Heart Association 2020 goals will be met if current trends continue.
• Weighted linear regression using prevalence as the dependent variables and survey time as independent variables. • The coefficient based on the regression (i.e., the average annual change in the prevalence) was used to project the obesity prevalence and trends of other components for 2020 by assuming that trends would be the same.
• Prevalence of obesity and dysglycemia increase as opposed to prevalence of smoking, hypercholesterolemia and hypertension that declined over the study periods.
• The obesity prevalence was projected to increase up to 43.4% among men and 42.2% among women in 2020.
Robinson et al. (2013) [25]
• To estimate cohort-specific propensity to obesity for those born in the USA in the 1980s.
• Age-period-cohort analysis • Cohorts born in the 1980s had increased propensity to obesity vs. those born in the late 1960s. [26] • To estimate cohort-specific risks for abdominal obesity.
• Age-period-cohort effect • The birth cohorts of the post-World War II Baby Boom appeared to have low cohort-specific risks of abdominal obesity.
• The cohorts preceding and succeeding the Baby Boom showed evidence of birth cohort effects that increased prevalence of abdominal obesity.
• These generational differences were more pronounced in women than in men. Saydah et al.
(2014) [27] • To assess whether trends in CVD risk factors have improved by weight status (normal, overweight, and obese).
• Data was grouped into 4-year periods (1999-2002, 2003-2006, and 2007-2010 ).
• Prevalence of risk factors (total and undiagnosed diabetes, total and untreated hypertension, total and untreated dyslipidemia, self-reported smoking and moderate to heavy smoking exposure (cotinine levels ≥ 10 ng/ml)) was calculated overall and for each BMI group.
• The prevalence of cardiovascular risk factors increases as people become overweight and obese.
• The prevalence of CVD risk factors has remained the same or declined over time. • To characterize trends in and associations among overweight and obesity, abdominal obesity, physical activity, and caloric intake in the US adults in the last 2 decades.
• Linear regression to assess trends in log-transformed BMI, WC, and daily energy intake.
• Logistic regression to assess the trends in the prevalence of obesity and abdominal obesity.
• The prevalence of obesity and abdominal obesity increased substantially during the period between 1988 and 2010.
• The proportion of people who reported no leisure time physical activity increased while average daily caloric intake did not change significantly. Cohen et al.
(2015) [29] • To determine how macronutrient consumption patterns and body mass index in the US adult population have changed since the 1960s.
• Descriptive.
• Americans in general have been following the official nutrition advice for more than 40 years.
• General adherence to recommendations to reduce fat consumption has coincided with a substantial increase in obesity. • Sex-stratified logistic regression models to assess the associations of age group, race/Hispanic origin, smoking status, and education with obesity prevalence. • To test the hypothesis that even if the true effect of BMI as a continuous variable on mortality has not changed, changes in the BMI distribution could affect the calculated estimates of the effects for specific BMI categories.
• The NHANES I dataset (1971) (1972) (1973) (1974) (1975) ) linked with mortality data was used to fit a Cox proportional hazards model incorporating BMI as a continuous variable.
• Coefficients obtained from this model were used to simulate mortality for participants in the NHANES III (1988-1994).
• Hazard ratios of mortality by BMI categories were compared between the NHANES I and the NHANES III with simulated mortality data.
• Some of the diminution of the association between obesity and mortality may be an artifact of treating BMI as a categorical variable.
Kranjac et al. (2016) [32]
• To decompose change in body mass index, obesity, and severe obesity from 1971 through 2012 into parts attributable to (1) older, fitter cohorts in the population being replaced by newer, less fit cohorts (between-cohort change) and cohort members becoming less fit over time (within-cohort change).
• Glenn Firebaugh's linear decomposition technique and Kitagawa's algebraic decomposition method to decompose aggregate change into two components (i.e., intracohort change and cohort replacement [i.e., intercohort change]).
• The rise in mean BMI and rates of obesity and severe obesity was primarily a consequence of intracohort change driven by variation in the demographic and socioeconomic composition and in the diet of the population overtime.
• Obesity and BMI in the population rose largely because of individual increases in weight status that were broadly distributed across age and cohort groups. Yu (2016) [33] • To analyze the influences of educational attainment on obesity trends.
• The linear probability model that included education (< high school, high school degree, some college, at least 4-year college), survey year, and interactions between education and survey year.
• Obesity prevalence was simulated under several scenarios (different age distribution, educational distribution or educational inequality in obesity prevalence.)
• Educational inequality in obesity was generally larger for women than men and for non-Hispanic white than non-Hispanic black. No difference was observed among non-Hispanic black men.
• Obesity prevalence among some college group experienced the largest increase compared to other groups, except for non-Hispanic black men. [34] • To estimate model for year-of-birth (cohort) and year-of-observation (period) trends in how age-specific
• Logistic regression model • Models were compared to determine which temporal patterns provided a
• Among women, those who were born later were more likely to die when they were overweight, obese and severe obese (BMI ≥ 35) compared to normal weight.
• Among men, those who were born later were less likely to die when they were overweight and were more likely to die when they were severely obese, compared to those with normal weight. Casagrande et al.
(2016) [35] • To examine generational differences in cardiovascular risk factors of younger adults over the past 40 years.
• Logistic regression was used to calculate the odds of health conditions among adults aged 20-49 years.
• Cardiovascular risk factors in younger adults have worsened over the past 40 years. 2017) [36]
• To examine the prevalence of central obesity and the difference in the prevalence across demographic and socioeconomic groups were examined among US non-Hispanic Asian adults.
• Chi-squared tests were used to examine the difference in the prevalence of central obesity over time (2011-2012 vs. 2013-2014 ).
• Overall prevalence of central obesity (2011-2014) was 58.1%, with higher prevalence observed in women than in men.
• Significant increases in central obesity were observed in younger adults (20-39 years), men, those with higher education and non-poor population. Ogden et al.
(2017) [37] • To analyze trends in obesity prevalence by household income levels and individual education level during 1999-2002 to 2011-2014,
• No information on models provided.
• Household income level was defined based on percentage of the federal poverty level (≤ 130, > 130 to 350, and > 350%) and education level was categorized into high school graduate or less, some college, and college graduate.
• The prevalence of obesity increased among women in the two lower income groups. Among men, obesity prevalence increased among men in all three income groups.
• Obesity prevalence increased among both sexes in all education groups except for men who were college graduates.
Hales et al. (2018) [38•]
• To estimate obesity prevalence and examine trends in the prevalence by urbanization level.
• Logistic regression models were used to calculate obesity prevalence by urbanization level and 4-year period • Men living in medium or small MSAs had a higher obesity prevalence compared to those living in large MSAs. Women living in medium or small MSAs and non-MSAs had a higher prevalence compared to women living in large MSAs. • To assess the trends in the obesity and overweight prevalence during the period between 1980 and 2015.
• To quantify the burden of disease related to high BMI (1990-2015).
• Mixed-effect linear regression models (Bayesian meta-regression model and spatiotemporal Gaussian process regression model)
• In 2015, overall obesity prevalence was 12.0%.
• Since 1980, obesity prevalence has doubled in more than 70 countries.
NCD RisC (2016) [16] • • To estimates trends in mean BMI and the prevalence of underweight, overweight and obesity from 1975 to 2016 in children, adolescents and adults in the world.
• Bayesian hierarchical model • Adult results were not presented in the manuscript while the updated results are available on the NCD-RisC website.
BMI body mass index, CVD cardiovascular disease, GBD Global Burden of Disease, NCD-RisC NCD Risk Factor Collaboration, WC waist circumference
Differences in Obesity and Abdominal Obesity Patterns
The authors of two studies reported trends in obesity defined using BMI and abdominal obesity (per waist circumference). Robinson et al. [26] reported that in 1986-1990 abdominal obesity prevalence was 27.5% for men and 44.3% for women and increased up to 43.1% for men and 61.5% for women in 2006-2010. During the same period, obesity defined with BMI increased from 18.5 to 32.6% and from 23.6 to 36.0% among men and women, respectively. Ladabaum et al. [28] reported that between 1988-1994 and 2009-2010, obesity prevalence increased from 19.9 to 34.6% among men and 24.9 to 35.4% among women while abdominal obesity prevalence increased from 29.1 to 42.0% among men and 46.0 to 61.5% among women.
Global Trends in Adult Obesity Prevalence
The GBD 2015 Obesity Collaborators based their study on a systematic literature search in Medline for studies providing nationally or sub-nationally representative estimates of BMI, overweight, or obesity among children or adults. Information came from 1514 data sources from 174 countries (713 measured and 801 self-report data) between 1980 and 2015. On the other hand, the NCD-RisC estimated global trends of BMI and obesity prevalence between 1975 and 2014 using data collected from 1698 population-based studies (e.g., nationally or sub-nationally representative studies and community-based studies) that used measured height and weight [16] . Following this initial paper, they expanded their study period to 2016 using data collected from 1820 population-based studies [17• ]. Both research groups described how obesity prevalence has increased in the last few decades. The GBD study showed that between 1980 and 2015, obesity prevalence doubled in 73 countries and showed an increase in most of the other countries as well. The NCD-RisC [16, 17•] found that between 1975 and 2014, age-standardized prevalence of obesity increased from 3.2 to 10.8% in men and from 6.4 to 14.9% in women. In 2014, 2.3 and 5.0% of men and women from these 200 countries had BMI ≥ 35 and 0.64 and 1.6% had BMI ≥ 40.
The GBD study also showed trends in adult obesity prevalence by country's sociodemographic development quintiles (categorized into quintiles: low, low-middle, middle, highmiddle, and high). The GBD study showed that between 1980 and 2015, men aged 25 to 29 and living in countries with a low-middle degree of development experienced the largest relative increase in obesity prevalence (1.1% in 1980 to 3.8% in 2015) among population subgroups stratified by sex, age, and country's level of sociodemographic level.
The NCD RisC [16, 17 •] emphasized large regional differences in obesity prevalence. Areas with obesity prevalence of ≥ 25% in 2016 included high-income Western countries (men 29.6%, women 29.6%); Central and Eastern Europe (women 26.1%); Central Asia, Middle East, and North Africa (women 35.2%); Latin America and Caribbean (women 29.2%); and Oceania (women 30.0%), while several areas had obesity prevalence of < 10%, i.e., East and South East Asia (men 5.9%, women 7.4%), high-income Asia Pacific (men 4.9%, women 4.3%), South Asia (men 3.2%, women 6.0%), and Sub-Saharan Africa (men 4.8%).
Discussion
Synthesis of Findings
We extracted 18 US studies from the NHANES in our search, which indicate an increase in obesity prevalence over the past 40 years, with the latest prevalence estimates from the NHANES 2013-2016 at 36.6% (men) and 41.0% (women) [38•] . In addition, Hales et al. [41] , which was published as a letter and thus not included in our search, reported obesity prevalence in 2015-2016 to be 37.9% (men) and 41.1% (women).
Several papers by Flegal and her colleagues published outside of our inclusion window, and thus not included in our search, reported obesity prevalence during the periods between 1960 and 1988-1994 [42] , 1988-1994 to 1999-2000 [43] , and 1999-2000 and 2007-2008 [39, 44-47] . The earlier two studies showed that obesity prevalence increased significantly from 14.5 to 22.5 to 30.5% between NHANES II (1976) (1977) (1978) (1979) (1980) , NHANES III (1988 -1994 , and the first cycle of the continuous NHANES (1999) (2000) , while the more recent studies suggested a stabilized trend in obesity prevalence in the early 2000s. Whereas some authors report that the increase in adult obesity prevalence may be slowing over time [39, 40] , the 18 more recent studies included in our review do not support such trend. In particular, Flegal et al. [30] (Fig. 3) .
The studies that examined obesity trends suggest particularly high risk among non-Hispanic black women [21, 22] , individuals with some college education vs. the other educational attainment categories [33] , those whose communities were classified as the intermediate category of urbanization [38•] , and cohort differences in obesity prevalence [25, 26] .
Our findings for global obesity trends indicate that obesity prevalence has increased in the last few decades across the world. The GBD study showed that between 1980 and 2015 obesity prevalence doubled in 73 countries and the NCD-RisC [16, 17•] found that age-standardized prevalence of obesity increased from 3.2 to 10.8% in men and from 6.4 to 14.9% in women across 200 countries between 1975 and 2014 [16] .
Differences in Surveillance
The NHANES is a repeated cross-sectional survey, in which different participants were randomly sampled from population at several time points. Thus, unlike in longitudinal studies, it is not possible to track within-person changes in weight over time. While there are several representative longitudinal cohort studies in the USA that collect measured height and weight (e.g., Add Health [13] ; the Longitudinal Health and Retirement Study [48] ; the National Social Life, Health, and Aging Project [49] ; and the Wisconsin Longitudinal Study [50] ), none had data published in the date range that fit our inclusion criteria.
The GBD study and the NCD-RisC study based their estimates on many population-based studies; some of which were cross-sectional and the others were longitudinal follow-up. Rather than looking at the longitudinal association, the GBD and NCD-RisC studies estimated obesity prevalence for each country and year using data collected in each given country and the year of data collection, but allowed for inclusion of data from other years in the same country or from data in other countries across similar time periods within regions.
Analytical Issues
Several aspects of the analysis of obesity prevalence trends can impact the magnitude and direction of estimated effects, potentially resulting in inconsistent conclusions across studies. Conclusions in relation to the trends in obesity prevalence differed by time periods covered by each study. Studies that covered a longer period (e.g., 1959-2008 [21] , 1988-2008 [28] ) documented increases in obesity prevalence, while Flegal et al. [43] suggested that obesity prevalence from 1999 to 2008 did not continue to increase at the same rate as that observed in the prior 10 years. Another example is a difference between Ljungvall et al. [21] that covered the period between 1959 and 2008 and Romero et al. [22] that used information collected in 1988-2004. While the former described that the increases in obesity prevalence during the study periods were similar across the racial/ethnic subgroups (or, at least, smaller than the increase experienced by the whole population), the latter emphasized that non-Hispanic black were at higher risk of obesity compared to nonHispanic white.
The time point used as baseline for evaluating obesity prevalence trends can also have an important impact on findings [47] . A notable example comes from studies of recent childhood obesity trends; evaluations using 2003-2004 as the baseline time point reported decreases in the prevalence of obesity among 2-5-year-old children through 2011-2014 [47, 51] , while studies using 1999-2000 as baseline reported no evidence of a decline in obesity prevalence in this or any age group through 2011-2014 [52] [53] [54] . Because prevalence estimates can fluctuate substantially between study waves, inclusion of data from several prior years and subsequent years can aid in determining whether prevalence changes at any given time point reflect a transient anomalous dip or a true downward trend [53] . The need to place data in context and see the bigger picture underscores the need for ongoing, consistent monitoring of obesity prevalence and trends in the USA and worldwide.
One must consider exclusion criteria for each specific study, even when based on the same study source. For example, in the 18 studies we reviewed, three studies explicitly excluded BMI < 18.5 [23, 27, 34] . Studies also varied greatly in the exclusion of older adults, with some studies excluding adults in their late 60s or 70s while others making no exclusions of older adults, and also varied in exclusion of younger adults aged 18-24 years old. Because obesity prevalence varies across the life span and some evidence suggests that obesity trends differ by age [30••, 47] , the age range of included participants could potentially impact estimated trends or limit comparability across studies. The analytical approaches used to evaluate obesity trends also varied, with methods including pairwise difference testing, linear trend tests, regression modeling to evaluate linear and quadratic trends, and ageperiod-cohort analysis. Studies using multivariable regression modeling to evaluate changes over time also differed in the selection of covariates used for adjustment in regression models. However, regardless of these differences, studies of US trends included in our review consistently found significant long-term increases in the prevalence of obesity.
There are also analytical issues related to future obesity projections. Flegal et al. [30••] cautioned that several previous attempts to use past data to extrapolate to future trends in obesity prevalence may not have provided valid estimates [55] [56] [57] . Mehta et al. [31•] conducted simulations using NHANES I to simulate mortality for NHANES III participants to test whether a decline in association between BMI and mortality related to statistical nuisance issues, finding that these nuisance contributors, such as the usage of categorical BMI variable (vs. continuous variable) and changes in population distribution, altered findings.
Limitations
There are several limitations that should be addressed. First, only studies based on the NHANES data were captured with our inclusion criteria. While the NHANES is nationally representative sample and designed to estimate obesity prevalence in the USA, it is a repeated cross section, which precludes withinindividual change in BMI/obesity. Second, although NHANES is nationally representative, the subpopulation groups can get quite small by sex, race/ethnicity, and socioeconomic groups. Third, we only included systematic reviews and meta analyses for our global search. Thus, some smaller within-country studies that were not a part of GBD and NCD RisC might have been missed. Fourth, the GBD study and the NCD-RisC studies estimated obesity prevalence in each country as a whole, thus ignoring within-country heterogeneity by region, SES, or other subpopulations.
Conclusions and Future Directions
It would be ideal to use longitudinal studies that allow intraindividual changes between study waves for surveillance. Surveillance that can fully address age-period-cohort differences are needed to identify whether obesity trajectories by age are different by cohort. For example, the Global Burden of Disease Study [3] presented obesity prevalence by age across birth cohorts, suggesting that obesity prevalence tended to increase at a faster pace among those who were born in later cohorts than in earlier cohorts (e.g., those born in 1985 vs. those born in 1960). Age-period-cohort analyses might be particularly relevant in countries undergoing dramatic changes in social and economic environment. There remains a need for studies that allow within-country differences in obesity prevalence.
Although significant increases in the prevalence of obesity since the 1980s are well documented, relatively little is known about the causes for these population-level trends [30••] . Future studies are needed to identify the factors contributing to the continued increases in obesity. Moreover, there is a need for evaluation of the effectiveness of programs and policies to prevent obesity, as well as to understand the reasons for limited progress in reversing obesity trends [58] [59] [60] [61] . Because of the large inter-individual heterogeneity in the efficacy of obesity intervention and treatment approaches, further studies are warranted to identify individual factors that predict response and to evaluate personalized precision approaches based on genetic and phenotypic characterization [62] . In addition, given the established relations between central obesity and cardiometabolic risk, a close monitoring of trends in central obesity prevalence may be necessary.
